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1.  Synthesis of compounds 
 
General information:  All reactions were performed under ambient atmosphere unless 
specified otherwise. Flash column chromatography was performed usisng silica gel 60 Ang. (40-
60 micron).  NMR experiments were done using a 300 MHz Bruker instrument.  The solvent 
peak was used as the internal standard with chemical shifts reported in ppm.  Coupling 
constants are reported in Hz.  Semi-preparative HPLC was carried out with a YMC-pack ODS-A 
(5 micron) 100x20 mm reverse phase column (Waters Inc.) with methano/water gradients. 
 
N-(5-aminopentyl)benzamide (1a).  To methyl benzoate (1.0 g, 7.34 mmol), pentane-1,5-
diamine (0.75 g, 7.34 mmol) and water (0.37 mL) were added, and the mixture was heated to 
100°C for 24 hours under constant stirring. The reaction mixture was cooled to room 
temperature and directly loaded on to a short silica column (the silica column was pre-flushed 
with 4% triethylamine in chloroform followed by 100% chloroform before loading the reaction 
mixture). Upon elution with 30% of methanol in chloroform the desired mono-benzoylated 
product 1a was obtained (0.80 g, 53%) as a pale yellow oil. 1H NMR (300 MHz, MeOD) δ 7.83 
(d, J = 7.4 Hz, 2H), 7.58 – 7.31 (m, 4H), 3.41 (t, J = 7.0 Hz, 2H), 2.76 (t, J = 7.2 Hz, 2H), 1.74 – 
1.21 (m, 6H). MS m/z 207.2 (M+H)+. 
 
N-(6-aminohexyl)benzamide (1b).  To methyl benzoate (25.0 g, 183.6 mmol), hexane-1,6-
diamine (21.3 g, 183.6 mmol) and water (9.25 mL) were added and the mixture was heated to 
100°C for 24 hours under constant stirring. The reaction mixture was cooled to room 
temperature and directly loaded on to a short silica column. Upon elution with 10 to 20% of 
methanol (with 5% NH4OH) in chloroform the desired mono-benzoylated product 1b was 
obtained (19.8 g, 49%) as a pale yellow oil. 1H NMR (300 MHz, MeOD) δ 7.81 – 7.78 (m, 2H), 
7.52 – 7.40 (m, 3H), 3.38 (t, J = 7.1 Hz, 2H), 2.78 – 2.69 (m, 2H), 1.64 – 1.38 (m, 8H). MS m/z 
221.1 (M+H+).    
  
N-(4-hydroxyphenyl)acrylamide (2).  A solution of 4-aminophenol (50 g, 458 mmol) in CH2Cl2 
(400 mL) and saturated NaHCO3 in water (400 mL) was stirred for 10 min at room temperature, 
then acryloyl chloride (40.9 mL, 503.8 mmole) was added dropwise, and the reaction stirred for 
an additional 6 hr at room temperature.  The resulting solid was collected by filtration, washed 
with water and dried under vacuum (oil pump) to afford 75 g of 4-acrylamido-phenol 2. 1H NMR 
(300 MHz, MeOD) δ 7.43 (dd, J = 6.8, 2.2 Hz, 2H), 6.77 (dd, J = 6.8, 2.2 Hz, 2H), 6.48 – 6.27 
(m, 2H), 5.74 (dd, J = 9.5, 2.5 Hz, 1H). 
 
N-(5-(N-(3-((4-hydroxyphenyl)amino)-3-oxopropyl)pentanamido)pentyl)benzamide (3a).  A 
solution of 1a (207 mg, 1.00 mmol) and N-(4-hydroxyphenyl)acrylamide 2 (197 mg, 1.21 mmol) 
in i-propyl alcohol (9.0 mL) and water (1.0 mL) was heated to 65°C under constant stirring for 24 
hours. The reaction mixture was cooled to room temperature and concentrated under reduced 
pressure and further under high vacuum. To this crude concentrate anhydrous N,N-
dimethylformamide (DMF) (3.0 mL) and triethylamine (253 mg, 2.50 mmol) were added, and the 
solids were allowed to completely dissolved. This solution was cooled to 0°C and valeryl 
chloride (241 mg, 2.00 mmol) was added dropwise and warmed to room temperature and stirred 
for 2 hours. The reaction was quenched with the addition of saturated sodium bicarbonate 
solution, and the reaction mixture was extracted with DCM/methanol (4:1). The organic layer 
was further washed with water and dried with anhydrous sodium sulfate. The organic layer was 
concentrated to dryness under reduced pressure and methanol (3.0 mL) was added to re-
dissolve the residue. To this solution 5% aqueous sodium hydroxide (3.0 mL) was added 
dropwise and stirred at room temperature for 2 hours. The reaction was acidified, as indicated 
by pH paper, with 1N HCl solution and extracted with DCM/methanol (4:1). The organic layer 
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was concentrated under reduced pressure, and the residue was subjected to silica column 
chromatography and eluted with 5% methanol in DCM to yield 3a (203 mg, 45%). 1H NMR (300 
MHz, MeOD) δ 8.45 (s, 1H), 7.83 – 7.78 (m, 2H), 7.56 – 7.40 (m, 3H), 7.34 – 7.26 (m, 2H), 6.76 
– 6.68 (m, 2H), 3.69 (dt, J = 19.4, 6.9 Hz, 2H), 3.44 – 3.37 (m, 4H), 2.60 (dd, J = 14.7, 7.4 Hz, 
2H), 2.47 – 2.30 (m, 2H), 1.75 – 1.49 (m, 6H), 1.47 – 1.26 (m, 4H), 0.91 (t, J = 7.3 Hz, 3H). MS 
m/z 476.5 [M + Na]+. 
 
N-(6-(N-(3-(4-hydroxyphenylamino)-3-oxopropyl)acetamido)hexyl)benzamide (3b). 4-
Acrylamido-phenol 2 (8.43 g, 51.6 mmol) and mono-benzoyl-1,6-hexanediamine 1b (12.5 g, 
56.8 mmol) were dissolved in a solution of isopropanol (450 mL) and water (50 mL) and heated 
in an oil bath at 65oC for 48 hrs. The reaction mixture was concentrated by rotary evaporation to 
afford the Michael addition product, which was divided into 2 parts and used for the next step 
without further purification. 
 To the residue from the above step was added CH2Cl2 (100 mL), DMF (10 mL) and 100 
mL of saturated sodium bicarbonate in water.  Acetyl chloride (3.7 mL, 52 mmol) was added 
dropwise at room temperature with stirring, and the mixture was stirred for an additional 6 h at 
room temperature.  The organic layer was separated, and the water layer was extracted twice 
with 50 mL portions of 5% MeOH in CH2Cl2. The organic layers were combined and 
concentrated by rotary evaporation. The residue was purified by silica gel column 
chromatography (1-5% MeOH in CH2Cl2) to afford MPS-I aglycone 3b (4.5 g, 10.6 mmol) in 41 
% yield. 1H NMR (300 MHz, MeOD) δ 7.88 – 7.76 (m, 2H), 7.58 – 7.39 (m, 3H), 7.36 – 7.24 (m, 
2H), 6.78 – 6.69 (m, 2H), 3.70 (dt, J = 19.1, 7.0 Hz, 2H), 3.43 – 3.26 (m, 4H), 2.62 (dt, J = 10.2, 
6.9 Hz, 2H), 2.13 (d, J = 16.4 Hz, 2H), 1.67-1.39 (m, 8H). MS m/z 426.5 (M+H+). 
 
N-(6-(N-(3-(4-hydroxyphenylamino)-3-oxopropyl)pentanamido)hexyl)benzamide (3c).  To 
the Michael addition product from the above step was added CH2Cl2 (100 mL), DMF (10 mL) 
and 100 mL of saturated sodium bicarbonate in water.  Pentanoyl chloride (6.17 mL, 52 mmol) 
was added dropwise at room temperature with stirring, and the mixture was stirred for an 
additional 6 h at room temperature.  The organic layer was separated, and the water layer was 
extracted twice with 50 mL portions of 5% MeOH in CH2Cl2. The organic layers were combined 
and concentrated by rotary evaporation. The residue was purified by silica gel column 
chromatography (1-5% MeOH in CH2Cl2) to afford the MPS –II aglycone 3c (3.5 g, 7.5 mmol) in 
29 % yield. 1H NMR (300 MHz, MeOD) δ 7.92 – 7.75 (m, 2H), 7.53-7.44 (m, 3H), 7.32 (d, J = 
8.6 Hz, 2H), 6.83 – 6.67 (m, 2H), 3.70 (dt, J = 19.9, 6.7 Hz, 2H), 3.49 – 3.28 (m, 4H), 2.64-2.59 
(m, 2H), 2.52 – 2.27 (m, 2H), 1.76 – 1.30 (m, 12H), 0.93 (td, J = 7.3, 4.5 Hz, 3H).  MS m/z 468.5 
(M+H+). 
  
 (2S,3R,4S,5S,6R)-2-(4-(3-(N-(6-benzamidohexyl)acetamido)propanamido)phenoxy)-6-
(methoxycarbonyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (5b).  MPS-I aglycone 3b ( 2.5 
g, 5.87 mmol, 1eq), methyl 2,3,4-triacetoxy-iduronosy-1-F 4 (2.37 g, 7.0 mmol, 1.2 eq)  
{Blanchard, 2008 #4618} and 2,6-di-tert-butyl-4-methylpyridine (3.62 g, 17.62 mmol, 3 eq) were 
dried for 1 hr under high vacuum (oil pump) and dissolved in dry CH2Cl2 (290 mL, 0.02 M).  All 
of the MPS-I aglycone was not dissolved before addition of BF3-etherate. BF3.Et2O (7.41 mL, 
58.75 mmol, 10 eq) was added dropwise with stirring at room temperature under a nitrogen 
atmosphere. After the reaction mixture had been stirred for 2.5 h at room temperature, 150 mL 
of saturated aqueous NaHCO3 was added. The aqueous layer was extracted with CH2Cl2 and 
the organic extracts were combined and washed with water, brine and dried over anhydrous 
Na2SO4.  The solution was filtered and concentrated by rotary evaporation. The residue was 
purified by silica gel column chromatography (CH2Cl2, then 1-4% MeOH in CH2Cl2) to afford 
product 5b (1.74 g, 2.35 mmol) in 40% yield. 1H NMR (300 MHz, CDCl3) δ 7.81 – 7.73 (m, 2H), 
7.52 – 7.39 (m, 5H), 6.99 (d, J = 8.9 Hz, 2H), 5.69 (s, 1H), 5.19-5.16 (m, 2H), 5.02 (s, 1H), 4.95 
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(s, 1H), 3.77 – 3.61 (m, 2H), 3.48 (s, 3H), 3.45 – 3.23 (m, 4H), 2.66 (m, 2H), 2.15 (s, 3H), 2.10 - 
2.06 (m, 9H), 1.65- 1.30 (m, 8H). MS m/z 742.2 (M+H+). 
 
(2S,3R,4S,5S,6R)-2-(4-(3-(N-(6-benzamidohexyl)pentanamido)propanamido)phenoxy)-6-
(methoxycarbonyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (5c).  MPS-II aglycone 3c (1.9 
g, 4.06 mmol, 1eq), methyl 2,3,4-triacetoxy-iduronosy-1-F 4 (1.23 g, 3.66 mmol, 0.9 eq) and 2,6-
di-tert-butyl-4-methylpyridine (2.5 g, 12.2 mmol, 3 eq) were dried for 1 hr under high vacuum (oil 
pump) and dissolved in dry CH2Cl2 (80 mL, 0.05 M).  All of the MPS-II aglycone dissolved 
before addition of BF3-etherate. BF3.Et2O (5.1 mL, 40.6 mmol, 10 eq) was added dropwise with 
stirring at room temperature under a nitrogen atmosphere. After the reaction mixture had been 
stirred for 2.5 h at room temperature, 150 mL of saturated aqueous NaHCO3 was added. The 
aqueous layer was extracted with CH2Cl2 and the organic extracts were combined and washed 
with water, brine and dried over anhydrous Na2SO4.  The solution was filtered and concentrated 
by rotary evaporation. The residue was purified by silica gel column chromatography (CH2Cl2, 
then 1-4% MeOH in CH2Cl2) to afford product 5c (1.87 g, 2.38 mmol) in 65 % yield. 1H NMR 
(500 MHz, MeOD) δ 7.81 – 7.77 (m, 2H), 7.54 – 7.40 (m, 5H), 7.07 – 7.02 (m, 2H), 5.71 (d, J = 
2.3 Hz, 1H), 5.18 (m, 2H), 5.06 – 5.02 (m, 1H), 4.99 (d, J = 3.1 Hz, 1H), 3.75 (s, 3H), 3.74 - 3.64 
(m, 2H), 3.38 – 3.34 (m, 4H), 2.61 (m, 2H), 2.46 – 2.31 (m, 2H), 2.15 (s, 3H), 2.10 (s, 3H), 2.07 
(s, 3H), 1.67 – 1.51 (m, 6H), 1.42 - 1.33 (m, 6H), 0.91 (t, J = 7.4 Hz, 3H). MS m/z 784.8 (M+H+). 
 
 
(2R,3S,4S,5R,6S)-methyl 6-(4-(3-(N-(6-
benzamidohexyl)acetamido)propanamido)phenoxy)-3,4,5-trihydroxytetrahydro-2H-pyran-
2-carboxylate (6b). 
To a solution of coupled product 5b (1.74 g, 2.35 mmol, 1 eq) in 50 mL of dry methanol (Aldrich) 
was added 0.5 M sodium methoxide in methanol (1.88 mL, 0.94 mmol, 0.4 eq) dropwise at 0 °C 
under a nitrogen atmosphere with stirring. The reaction mixture was stirred at 0 °C for 3 h. The 
reaction mixture was neutralized with AG 50W-X8 resin (H+) and filtered. The filtrate was 
concentrated by rotary evaporation. Column chromatography on silica gel (1-6% MeOH in 
CH2Cl2) afforded product 6b (1.33 g, 2.16 mmol) in 92% yield. 1H NMR (300 MHz, MeOD) δ 
7.87 – 7.74 (m, 2H), 7.57 – 7.36 (m, 5H), 7.09 (d, J = 9.0 Hz, 2H), 5.59 (s, 1H), 4.79 – 4.75 (m, 
2H), 3.93 (m, 2H), 3.78-3.65 (m, 6H), 3.38 – 3.36 (m, 4H), 2.66- 2.60 (m, 2H), 2.14 (d, J = 16.9 
Hz, 3H), 1.63-1.42 (m, 8H). MS m/z 616.3 (M+H+). 
 

(2R,3S,4S,5R,6S)-methyl 6-(4-(3-(N-(6-
benzamidohexyl)pentanamido)propanamido)phenoxy)-3,4,5-trihydroxytetrahydro-2H-
pyran-2-carboxylate (6c). 
To a solution of coupled product 5c (2.7 g, 3.44 mmol, 1 eq) in 75 mL of dry methanol (Aldrich) 
was added 0.5 M sodium methoxide in methanol (2.75 mL, 1.38 mmol, 0.4 eq) dropwise at 0 °C 
under a nitrogen atmosphere with stirring. The reaction mixture was stirred at 0 °C for 3 h. The 
reaction mixture was neutralized with AG 50W-X8 resin (H+) and filtered. The filtrate was 
concentrated by rotary evaporation. Column chromatography on silica gel (1-6% MeOH in 
CH2Cl2) afforded product 6c (2.1 g, 3.19 mmol) in 91 % yield. 1H NMR (500 MHz, MeOD) δ 7.80 
(d, J = 7.7 Hz, 2H), 7.54 – 7.41 (m, 5H), 7.10 – 7.04 (m, 2H), 5.58 (d, J = 3.4 Hz, 1H), 4.77 (d, J 
= 3.3 Hz, 1H), 3.96 – 3.87 (m, 2H), 3.76 (s, 3H), 3.75 – 3.63 (m, 3H), 3.41 – 3.34 (m, 4H), 2.64 
– 2.57 (m, 2H), 2.46 – 2.32 (m, 2H), 1.69 – 1.53 (m, 6H), 1.47 – 1.30 (m, 6H), 0.91 (t, J = 7.5 
Hz, 3H). MS m/z 659.0 (M+H+). 
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(2R,3S,4S,5R,6S)-6-(4-(3-(N-(6-benzamidohexyl)acetamido)propanamido)phenoxy)-3,4,5-
trihydroxytetrahydro-2H-pyran-2-carboxylic acid (MPS – I Substrate). 
Deacylated compound 6b (1.5 g, 2.44 mmol, 1 eq) was dissolved in 150 mL of water/methanol 
(1:1) at room temperature. An aqueous solution of sodium hydroxide 0.1 M was added in 
increments of 0.1 eq of NaOH until the pH of the solution reached approximately 8 (pH paper). 
The pH was maintained by incremental additions of the 0.1 M NaOH solution as the reaction 
proceeded (~2 eq NaOH added). The reaction mixture was stirred overnight. The reaction 
mixture was neutralized with 1 M HCl and concentrated by rotary evaporation. The residue was 
purified by column chromatography on silica (5% MeOH and 1% AcOH in CH2Cl2, then 10% 
MeOH and 2% AcOH in CH2Cl2) to give product MPS-I Substrate (1.45 g, 2.41 mmol) in 98% 
yield. 1H NMR (300 MHz, MeOD) δ 7.80 (d, J = 7.3 Hz, 2H), 7.56 – 7.40 (m, 5H), 7.11 (d, J = 8.7 
Hz, 2H), 5.55 (s, 1H), 4.72 (s, 1H), 3.97- 3.92 (m, 2H), 3.74- 3.64 (m, 3H), 3.39 – 3.33 (m, 4H), 
2.11 (d, J = 17.3 Hz, 3H), 1.64 – 1.38 (m, 8H). MS m/z 602.4 (M+H+). 
 
sodium (2R,3S,4S,5R,6S)-6-(4-(3-(N-(6-
benzamidohexyl)pentanamido)propanamido)phenoxy)-3,4-dihydroxy-5-
(sulfonatooxy)tetrahydro-2H-pyran-2-carboxylate (MPS–II Substrate). 
Deacetylated compound 6c (2 g, 3.04 mmol, 1 eq) was solubilized in anhydrous MeOH (120 
mL) and dibutyltin(IV) oxide (1.13g, 4.56 mmol, 1.5 eq) was added. The reaction mixture was 
heated under reflux for 1 hour under nitrogen, after which time the dibutyltin oxide was 
completely dissolved. The reaction mixture was allowed to cool and was concentrated under 
vacuum. The residue was co-evaporated once with anhydrous toluene (100 mL) to remove 
traces of water. The residue was solubilized in anhydrous N,N-dimethylformamide (120 mL). 
Sulfur trioxide–trimethylamine complex (633.8 mg, 4.56 mmol, 1.5 eq) was added, and the 
reaction mixture was stirred at room temperature under nitrogen atmosphere for 24 h. The 
reaction mixture was quenched with MeOH (20 mL). The mixture was then concentrated under 
vacuum. The residue was purified by column chromatography on silica gel (10% MeOH and 1% 
H2O in CH2Cl2, then 20% MeOH and 2% H2O in CH2Cl2) to give sulfate compound (1.2 g, 1.63 
mmol) in 53.6% yield. 1H NMR (300 MHz, MeOD) δ 7.81 (d, J = 8.4 Hz, 2H), 7.57 – 7.34 (m, 
5H), 7.09 (d, J = 9.0 Hz, 2H), 5.83 (s, 1H), 4.48 (s, 1H), 4.16 (d, J = 2.7 Hz, 1H), 3.97 (s, 1H), 
3.78 – 3.55 (m, 6H), 3.46 – 3.33 (m, 4H), 2.68 – 2.55 (m, 2H), 2.47 – 2.27 (m, 2H), 1.71 – 1.47 
(m, 6H), 1.46 – 1.24 (m, 6H), 0.91 (t, J = 7.2 Hz, 3H). MS m/z 736.6 (M-H)- 
 
Sulfate compound (1 g, 1.35 mmol) was solubilized in 1:1 methanol–water (100 mL) at room 
temperature. An aqueous solution of 0.1 M NaOH was added in increments of 0.1 equiv of 
NaOH until the pH of the solution reached approximately 8 (pH paper). The pH was maintained 
by incremental additions of the 0.1 M NaOH solution as the reaction proceeded (every 15–30 
min). It is probably important not to go to high in pH as this may result in some hydrolysis of the 
sulfate ester.  The reaction mixture was stirred for overnight (~ 2 eq NaOH added), after which it 
was concentrated under vacuum to remove methanol and water. The residue was purified by 
column chromatography on silica gel (10% MeOH and 1% H2O in CH2Cl2, then 20% MeOH and 
2% H2O in CH2Cl2) to give MPS–II Substrate (0.77 g, 1.06 mmol) in 79% yield. 1H NMR (300 
MHz, MeOD) δ 7.91 – 7.79 (m, 2H), 7.59 – 7.41 (m, 5H), 7.16 (d, J = 7.7 Hz, 2H), 5.79 (s, 1H), 
4.66 (d, J = 3.3 Hz, 1H), 4.46 - 4.45 (m, 1H), 4.12 (m, 1H), 3.99 – 3.95 (m, 1H), 3.79 – 3.59 (m, 
2H), 3.45 – 3.34 (m, 4H), 2.70 – 2.54 (m, 2H), 2.47 – 2.28 (m, 2H), 1.71 – 1.49 (m, 6H), 1.46 – 
1.24 (m, 6H), 0.91 (t, J = 7.3 Hz, 3H). MS m/z 722.7 (M-H)- 
 
N-(5-(N-(3-((4-(((2S,3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-(hydroxymethyl)tetrahydro-
2H-pyran-2-yl)oxy)phenyl)amino)-3-oxopropyl)pentanamido)pentyl)benzamide (MPS-VI 
Product). 
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To a solution of 3a (148 mg, 0.326 mmol) and 7 (239 mg, 0.653 mmol) in DCM (0.4 mL) 
tetrabutylammonium hydrogen sulfate (110 mg, 0.324 mmol) and 2 M aqueous sodium 
hydroxide solution (0.4 mL) were added and left to stir for 3 hours at room temperature. To the 
reaction mixture another portion of 7 (90 mg, 0.246 mmol) was added and stirred for another 13 
hours. The reaction mixture was then extracted between water and DCM and the organic layer 
was further washed with water, dried with anhydrous sodium sulfate and concentrated under 
reduced pressure. The resultant crude was purified by flash silica column chromatography using 
4% methanol in DCM as eluent to get the peracetylated intermediate. The NMR spectroscopy 
indicated that the peracetylated intermediate has co-eluted with the starting material 3a. This 
mixture was used for the next deacetylation step without further purification. To the solution of 
the above mixture in anhydrous methanol (5.0 mL), a 0.5 M solution of sodium methoxide in 
methanol (200 µL) was added dropwise at 0°C and left to stir for 2 hours at room temperature. 
The reaction was quenched with the addition of formic acid (100 µL) and subjected to semi-
preparative reverse phase HPLC purification (gradient water/methanol system) to get MPS-VI 
Product (29 mg, 14%). 1H NMR (300 MHz, MeOD) δ 7.83 (d, J = 7.1 Hz, 2H), 7.59 – 7.35 (m, 
5H), 7.06 – 6.90 (m, 2H), 4.99 (d, J = 8.4 Hz, 1H), 4.27 – 4.11 (m, 1H), 3.96 – 3.55 (m, 7H), 
3.46 – 3.35 (m, 4H), 2.71 – 2.51 (m, 2H), 2.49 – 2.27 (m, 2H), 2.01 (s, 3H), 1.76 – 1.49 (m, 6H), 
1.37 (dd, J = 14.6, 7.2 Hz, 4H), 0.93 (t, J = 7.2 Hz, 3H). MS m/z 679.7 [M + Na]+. 
 
sodium (2R,3R,4R,5R,6S)-5-acetamido-6-(4-(3-(N-(5-
benzamidopentyl)pentanamido)propanamido)phenoxy)-4-hydroxy-2-
(hydroxymethyl)tetrahydro-2H-pyran-3-yl sulfate (MPS-VI Substrate). 
To a cooled (0°C) solution of MPS-VI Product (25 mg, 38.1 µmol) in anhydrous pyridine (0.5 
mL), benzoyl chloride (4.9 µL, 41.9 µmol) was added. After 1 hour at room temperature the 
solution was cooled back to 0°C and another portion of benzoyl chloride (9.4  µL, 80.4 µmol) 
was added and left to stir for 2 hours at room temperature. The reaction was extracted between 
1 M HCl solution and chloroform. The chloroform layer was further washed with a mixture of 
water and brine solution (1:1). The organic layer was concentrated and purified by flash silica 
column chromatography using 5% methanol in DCM as the eluent. The desired fractions were 
concentrated under reduced pressure and further under high vacuum. The resultant residue 
was dissolved in anhydrous pyridine and sulfur trioxide pyridine complex (8.3 mg, 52.1 µmol) 
was added to it at room temperature. The resulting mixture was heated to 45°C for 3 hours 
followed by the addition of methanol (0.5 mL) and stirred for further 10 mins. The reaction 
mixture was concentrated under reduced pressure and further under high vacuum. The resulting 
residue was re-dissolved in anhydrous methanol (5.0 mL) and cooled to 0°C. To this cooled 
solution 0.5 M solution of sodium methoxide in methanol (0.5 mL) was added dropwise and let 
stir for 16 hours. The reaction was quenched by the addition of 1 M aqueous solution of sodium 
phosphate monobasic (1.0 mL) and subjected to semi-preparative reverse phase HPLC 
purification (gradient water/methanol system) to yield MPS-VI Substrate (5.8 mg, 20%). 1H 
NMR (300 MHz, MeOD) δ 7.80 (dd, J = 7.0, 1.2 Hz, 2H), 7.58 – 7.38 (m, 5H), 7.03 – 6.94 (m, 
2H), 5.01 (dd, J = 8.4, 1.1 Hz, 1H), 4.75 (d, J = 3.1 Hz, 1H), 4.13 (dd, J = 10.9, 8.4 Hz, 1H), 3.95 
– 3.61 (m, 6H), 3.45 – 3.34 (m, 4H), 2.61 (dd, J = 16.1, 7.0 Hz, 2H), 2.47 – 2.31 (m, 2H), 1.97 
(s, 3H), 1.73 – 1.49 (m, 6H), 1.43 – 1.23 (m, 5H), 0.91 (td, J = 7.3, 2.2 Hz, 3H). MS m/z 735.4 
[M – Na+]-.  
 
N-(6-(N-(3-(4-hydroxyphenylamino)-3-oxopropyl)acetamido)hexyl)-d5-benzamide (MPS-I 
Internal Standard).   
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4-Acrylamido-phenol 2 (142 mg, 0.87 mmol) and mono-BOC-1,6-hexanediamine (Ark Pharm 
Inc.) (207 mg, 0.96 mmol) were dissolved in a solution of isopropanol (9 mL) and water (1 mL) 
and heated in an oil bath at 65oC for 48 hrs. The reaction mixture was concentrated by rotary 
evaporation to afford the Michael addition product 8a, which was used in the next step without 
further purification. 
To the Michael addition product 8a was added CH2Cl2 (3 mL) and 3 mL of saturated sodium 
bicarbonate in water.  Acetyl chloride (0.18 mL, 2.63 mmole) was added dropwise at room 
temperature with stirring, and the mixture was stirred for an additional 3 h at room temperature.  
The layers were allowed to separate, and the CH2Cl2 layer was concentrated by rotary 
evaporation.  

The residue was dissolved in 3 mL of CH2Cl2 and 1.5 mL of 4 M HCl in dioxane was added 
dropwise with stirring.  Stirring was continued at room temperature for 1 hr.  The resulting solid 
was collected by filtration, and the solid was dried under vacuum (oil pump). 

To the above solid was added 5 mL of CH2Cl2 and 5 mL of saturated sodium bicarbonate in 
water.  d5-benzoyl chloride (0.11 mL, 0.87 mmole) was added dropwise with stirring, and the 
mixture was stirred an additional 3 hr at room temperature.  The layers were allowed to 
separate, and the CH2Cl2 layer was concentrated with a rotary evaporator.  The residue was 
dissolved in 2 mL of MeOH, and 2 mL of 5% NaOH in water was added.  The mixture was 
stirred for 30 min at room temperature (this step is necessary to remove any benzoylated 
phenol).  The mixture was neutralized with 1 M HCl and extracted with EtOAc.  The organic 
layer was dried over Na2SO4, filtered and solvent was removed by rotary evaporation.  The 
residue was submitted to silica gel chromatography with 5% MeOH in CH2Cl2 to give 110 mg of 
pure product MPS-I Internal Standard (30% overall yield). 1H NMR (500 MHz, MeOD) δ 7.31 
(d, J = 9.0 Hz, 2H), 6.79 – 6.63 (m, 2H), 3.68 (dt, J = 32.5, 6.9 Hz, 2H), 3.46 – 3.33 (m, 4H), 
2.60 (dt, J = 17.5, 6.8 Hz, 2H), 2.12 (d, J = 27.0 Hz, 3H), 1.68-1.55 (m, 4H), 1.46-1.35 (m, 4H). 
MS m/z 431.6 (M+H+). 
 
 
N-(6-(N-(3-(4-hydroxyphenylamino)-3-oxopropyl)pentanamido)hexyl)-d5-benzamide (9). 
4-Acrylamido-phenol 2 (429 mg, 2.63 mmol) and mono-BOC-1,6-hexanediamine (Ark Pharm 
Inc.) (625 mg, 2.89 mmol) were dissolved in a solution of isopropanol (18 mL) and water (2 mL) 
and heated in an oil bath at 65oC for 48 hrs. The reaction mixture was concentrated by rotary 
evaporation to afford the Michael addition product 8b, which was used in the next step without 
further purification. 

To the Michael addition product 8b was added CH2Cl2 (10 mL) and 10 mL of saturated sodium 
bicarbonate in water.  Pentanoyl chloride (0.94 mL, 7.89 mmole) was added dropwise at room 
temperature with stirring, and the mixture was stirred for an additional 3 h at room temperature.  
The layers were allowed to separate, and the CH2Cl2 layer was concentrated by rotary 
evaporation.  

The residue was dissolved in 10 mL of CH2Cl2 and 5 mL of 4 M HCl in dioxane was added 
dropwise with stirring.  Stirring was continued at room temperature for 1 hr.  The resulting solid 
was collected by filtration, and the solid was dried under vacuum (oil pump). 

To the above solid was added 10 mL of CH2Cl2 and 10 mL of saturated sodium bicarbonate in 
water.  d5-benzoyl chloride (0.34 mL, 2.89 mmole) was added dropwise with stirring, and the 
mixture was stirred an additional 3 hr at room temperature.  The layers were allowed to 
separate, and the CH2Cl2 layer was concentrated with a rotary evaporator.  The residue was 
dissolved in 4 mL of MeOH, and 4 mL of 5% NaOH in water was added.  The mixture was 
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stirred for 30 min at room temperature (this step is necessary to remove any benzoylated 
phenol).  The mixture was neutralized with 1 M HCl and extracted with EtOAc.  The organic 
layer was dried over Na2SO4, filtered and solvent was removed by rotary evaporation.  The 
residue was submitted to silica gel chromatography with 5% MeOH in CH2Cl2 to give 570 mg of 
pure product 9. 1H NMR (500 MHz, MeOD) δ 7.31 (d, J = 8.9 Hz, 2H), 6.73 (dd, J = 9.0, 2.9 Hz, 
2H), 3.68 (dt, J = 33.4, 7.0 Hz, 2H), 3.44-3.35 (m, 4H), 2.67 – 2.52 (m, 2H), 2.51 – 2.28 (m, 2H), 
1.72 – 1.30 (m, 12H), 1.00 – 0.83 (m, 3H). MS m/z 473.6 (M+H+). 
 
(2S,3R,4S,5S,6R)-2-(4-(3-(N-(6-d5-benzamidohexyl)pentanamido)propanamido)phenoxy)-
6-(methoxycarbonyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (10). 
MPS-II aglycone 9 ( 0.57g, 1.2 mmol, 1eq), methyl 2,3,4-triacetoxy-iduronosy-1-F 4 (0.36g, 1.08 
mmol, 0.9 eq) and 2,6-di-tert-butyl-4-methylpyridine (0.74 g, 3.6 mmol, 3 eq) were dried for 1 hr 
under high vacuum (oil pump) and dissolved in dry CH2Cl2 (24 mL, 0.05 M).  BF3.Et2O (1.51 mL, 
12 mmol, 10 eq) was added dropwise with stirring at room temperature under a nitrogen 
atmosphere. After the reaction mixture had been stirred for 2.5 h at room temperature, 100 mL 
of saturated aqueous NaHCO3 was added. The aqueous layer was extracted with CH2Cl2 and 
the organic extracts were combined and washed with water, brine and dried over anhydrous 
Na2SO4.  The solution was filtered and concentrated by rotary evaporation. The residue was 
purified by silica gel column chromatography (CH2Cl2, then 1-4% MeOH in CH2Cl2) to afford 
product 10 (0.69 g, 0.87 mmol) in 72% yield. 1H NMR (500 MHz, MeOD) δ 7.48 (dt, J = 9.2, 2.5 
Hz, 2H), 7.09 – 6.97 (m, 2H), 5.71 (d, J = 2.5 Hz, 1H), 5.18 (m, 2H), 5.06 – 5.01 (m, 1H), 4.99 
(d, J = 3.1 Hz, 1H), 3.74 – 3.62 (m, 5H), 3.40 – 3.33 (m, 4H), 2.62 (dt, J = 13.6, 6.9 Hz, 2H), 
2.47 – 2.31 (m, 2H), 2.15 (s, 3H), 2.11 (s, 3H), 2.06 (s, 3H), 1.65-1.30 (m, 12H), 0.97 – 0.84 (m, 
3H). MS m/z 789.8 (M+H+). 
 
(2R,3S,4S,5R,6S)-6-(4-(3-(N-(6-d5-benzamidohexyl)pentanamido)propanamido)phenoxy)-
3,4,5-trihydroxytetrahydro-2H-pyran-2-carboxylic acid (MPS–II Internal Standard). 
To a solution of coupled product 10 (0.69 g, 0.87 mmol, 1 eq) in 18 mL of dry methanol (Aldrich) 
was added 0.5 M sodium methoxide in methanol ( 0.69 mL, 0.35 mmol, 0.4 eq) dropwise at 0 °C 
under a nitrogen atmosphere with stirring. The reaction mixture was stirred at 0 °C for 3 h. The 
reaction mixture was neutralized with AG 50W-X8 resin (H+) and filtered. The filtrate was 
concentrated by rotary evaporation. Column chromatography on silica gel (1-6% MeOH in 
CH2Cl2) afforded product (0.41 g, 0.62 mmol) in 72 % yield. 1H NMR (300 MHz, MeOD) δ 7.45 
(d, J = 8.9 Hz, 2H), 7.14 – 6.94 (m, 2H), 5.58 (d, J = 3.5 Hz, 1H), 4.78 (d, J = 3.0 Hz, 1H), 3.93 – 
3.90 (m, 2H), 3.75 (s, 3H), 3.73 – 3.61 (m, 4H), 3.41 – 3.27 (m, 4H), 2.62 – 2.58 (m, 2H), 2.47 – 
2.26 (m, 2H), 1.70 – 1.24 (m, 12H), 0.93 – 0.86 (m, 3H).   
 
Deacylated compound (0.41 g, 0.61 mmol, 1 eq) was dissolved in 40 mL of water/methanol 
(1:1) at room temperature. An aqueous solution of sodium hydroxide 0.1 M was added in 
increments of 0.1 eq of NaOH until the pH of the solution reached approximately 8 (pH paper). 
The pH was maintained by incremental additions of the 0.1 M NaOH solution as the reaction 
proceeded (~2 eq NaOH added). The reaction mixture was stirred overnight. The reaction 
mixture was neutralized with 1 M HCl and concentrated by rotary evaporation. The residue was 
purified by column chromatography on silica (5% MeOH and 1% AcOH in CH2Cl2, then 10% 
MeOH and 2% AcOH in CH2Cl2) to give product MPS-II Internal Standard (0.39 g, 0.6 mmol) in 
96% yield. 1H NMR (300 MHz, MeOD) δ 7.44 (dd, J = 9.1, 1.5 Hz, 2H), 7.24 (dd, J = 9.1, 3.2 Hz, 
2H), 5.51 (d, J = 4.9 Hz, 1H), 4.53 (d, J = 3.9 Hz, 1H), 3.88 – 3.53 (m, 6H), 3.41 – 3.32 (m, 4H), 
2.61-2.56 (m, 2H), 2.46 – 2.25 (m, 2H), 1.71 – 1.21 (m, 12H), 0.94 – 0.86 (m, 3H). MS m/z 
649.6 (M+H+). 
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2.  Tandem mass spectrometry instrument settings. 
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3.  Flow-injection parameters 
 
The flow-injection solvent is 80:20 (v/v) methanol:water with 5 mM ammonium formate.  The 
flow stream from the autosampler during injection is 0.3 mL/min.  After sample injection, 
the flow rate is dropped to 0.2 ml/min for 0.1 min, then dropped to 0.03 ml/min for 0.15 
min, and held at 0.03 mL/min for 0.65 min, then raised to 0.4 mL/min at 0.9 min, then to 
0.3 mL/min at 1 min.  The idea is to flow the sample quickly into the ESI source and 
then to reduce the flow rate during the time in which mass spectrometry data is 
collected.  We inject 10 uL per well. Total run time is 1.5 min.  
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4.  Supplemental Table 1. Data for MPS-I 
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Supplemental Table 2. Data for MPS-II 
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Supplemental Table 3. Data for MPS-VI 
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